found, e.gr. / on page 8, lines 28-30, page 17, line 17 to 
page 18, line 32 and page 28, line 4 to page 29, line 32 
of the specification as filed. 

Applicant has amended claim 46 to recite "SEQ 
ID N0:1" in steps a) and d) . Applicant has amended claim 
48 to recite "SEQ ID NO : 1 . " The amendments are made to 
correct an inadvertent typographical error. Support for 
the amended claims is found, e.g., on page 1, line 24 to 
page 8, line 2 of the specification as filed. 

None of the amendments adds new matter; their 
entry is requested. 

In sum, claims 39-42, 46, and 48-49 are 

pending . 

THE REJECTIONS 
Applicant acknowledges with appreciation that 
the Examiner has withdrawn all other objections and 
rejections previously stated in Paper No. 8. 

35 U.S. C, § 102 (e) 

Claims 36 and 39-45 stand rejected under 35 
U.S.C. § 102(e) for allegedly being anticipated by U.S. 
Patent 6,171,787 to Wiley ("the ^787 patent"). Applicant 
traverses in part by stating that the Examiner has not 
met her burden of showing that each element of the 
pending claims is met by the ^787 patent disclosure, by 
addressing each of the Examiner's allegations in turn, by 
stating that, as amended, the pending claims are not 
anticipated by the ^787 patent, and by stating that the 
rejection of claims 36 and 43-45 has been rendered moot 
by their cancellation herein. 

Applicant respectfully states that the Examiner 
has not met her burden of showing that each element of 
the pending claims is met by the '787 patent disclosure. 
See, Verdegraal Bros. v. Union Oil Co. of California, 814 



F.2d 628, 631 (Fed. Cir. 1987) ("A claim is anticipated 
only if each and every element as set forth in the claim 
is found, either expressly or inherently described, in a 
single prior art reference."); see also^ generally^ 
M.P.E.P. § 2131. 

The Examiner has provided her view of the scope 
of the pending claims at pages 2-3 of the instant office 
action. The Examiner then provided her view of the 
disclosures of the '787 patent on page 4 of the instant 
office action that allegedly show how the pending claims 
are anticipated by the W8 7 patent. The Examiner, 
however, has not shown that every element of the pending 
claims is disclosed in the '787 patent. For example, the 
Examiner has not shown that the '787 patent teaches every 
element of amended claims 3 9 or 40, drawn to a method 
comprising an anti-APRIL ligand antibody combined with a 
chemotherapeutic agent or radiation therapy, respectively 
(see, discussion infra) . Similarly, the Examiner does 
not show how the '787 patent allegedly anticipates 
instant claim 42 (see, discussion infra) , drawn to a 
method comprising exposing a tumor cell that expresses an 
APRIL receptor to an anti-APRIL ligand antibody. Thus, 
the Examiner has not met her burden of proving that the 
'787 patent anticipates the pending claims. 

At a minimum, the format of the instant office 
action makes it difficult to completely understand the 
basis of the Examiner's rejections. However, applicant 
shows herein how the Examiner's allegations do not 
support a finding of anticipation of the pending claims 
because certain elements, or combinations thereof, 
recited in the claims, are simply lacking in the 
Examiner's citations to the '787 patent. 

The Examiner alleges that the '78 7 patent 
discloses the instant SEQ ID NO : 2 as human TNF-gamma 
('787 patent SEQ ID N0:2) and soluble human TNF-gamma 
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(^787 patent SEQ ID NO : 3 ) . The Examiner also alleges 
that the '787 patent discloses antibodies, antagonists 
and inhibitors of TNF-gamma that may be used to treat 
tumors or metastases, and that these agents can be 
combined with radiotherapy or chemotherapeutic agents. 
Applicant disagrees . 

The '787 patent does not disclose using anti- 
TNF-gamma antibodies to treat tumors or metastasis in 
combination with radiotherapy or chemotherapeutic agents. 
In making this allegation, the Examiner points to column 
24, lines 48-52, however, this citation does not support 
her contention. Rather, this section of the '787 patent 
discloses that " [TNF-gamma] proteins or genes which 
encodes their expression may be useful in the prevention 
of metastases from the tumors described above either when 
used alone or in combination with radiotherapy and/or 
chemotherapeutic agents" (col. 24, lines 48-52). Thus, 
it is the TNF-gamma protein itself, and not anti-TNF- 
ganuna antibodies, that the '787 patent would combine with 
radiotherapy and/or chemotherapy. 

As amended, claims 3 9 and 4 0 recite a method 
that comprises administering to a patient an anti-APRIL 
ligand antibody in combination with a chemotherapeutic 
agent or radiation therapy. Thus, the '787 patent does 
not anticipate claims 39 and 40. 

The Examiner alleges that the '787 patent 
discloses that "TNF-gamma antibodies, TNF-gamma receptor 
antagonists or combinations thereof may be combined with 
pharmaceutically acceptable excipeints [sic] to form 
therapeutic compositions .. .Wiley discloses the production 
of antibodies to TNF-gamma receptor. . . [and] Wiley 
discloses the immunization of animals with the soluble 
TNF-gamma of SEQ ID NO: 3" 

Talcen at face value, it is unclear how these 
disclosures would anticipate claims 39-42, none of which 
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are composition claims. Claims 39-42 are drawn to 
methods of treating cancers and suppressing the growth of 
tumor cells. See, e.g., page 18, lines 22-32; page 28, 
lines 6-16 and originally filed claims 36-42 on page 41 
of the specification as filed. As discussed herein, the 
amended claims recite methods that are nowhere taught or 
disclosed in the '787 patent. Thus, the disclosures in 
the '787 patent cited by the Examiner cannot anticipate 
claims 39-42 . 

The applicant notes that the '787 patent's 
generic disclosure of ant i-TNF- gamma antibodies cited by 
the Examiner does not teach the particular species of 
antibodies recited in amended claims 41 and 42. A 
species will anticipate a claim to a genus, but only in 
certain circumstances will a genus anticipate a species. 
See grenerally, M.P.E.P. § 2131.02. In the chemical arts, 
"anticipation can only be found if the classes of 
substituents [i.e., species] are sufficiently limited or 
well delineated." Td. This is not one of those 
circumstances as the generic disclosure of anti-TNF gamma 
antibodies in the '787 patent is neither sufficiently 
limited nor well delineated. Thus, as amended, claims 41 
and 42 are not anticipated by the generic ant i-TNF -gamma 
antibodies disclosed in the '787 patent because claims 41 
and 42 are drawn to methods that comprise particular 
species of anti-APRIL ligand antibodies. 

With respect to claim 42, applicant further 
notes that the '787 patent does not teach suppressing the 
growth of a tumor cell that expresses a TNF-gamma 
receptor with an antibody that binds to TNF-gamma. Thus, 
claim 42 cannot be anticipated by the '787 patent. 

For at least these reasons, the '787 patent 
does not anticipate amended claims 41 and 42. 

The Examiner alleges that the '787 patent 
"discloses a method of treating conditions associated 
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with altered or abnormal expression of TNF-gamma 
comprising the administration of an antibody which binds 
to TNF-gamma. . .that antagonists can be antibodies. , .and 
that antagonists of TNF-gamma block the inhibitory 
effects of TNF-gamma and promote angiogenesis ... which 
would be conducive to the destruction of metastatic 
cancer." 

It is unclear which claims the Examiner alleges 
are anticipated by these disclosures. Applicant notes 
that these disclosures do not contain all of the elements 
of any one of the amended claims. For example, these 
disclosures do not teach every element of amended claims 
3 9 or 40, drawn to methods comprising an ant i -APRIL 
ligand antibody combined with a chemotherapeutic agent or 
radiation therapy, respectively (see, discussion supra) . 
The Examiner also does not show how these disclosures 
teach every element of amended claim 41, drawn to a 
method comprising exposing a tumor cell that expresses an 
APRIL ligand polypeptide to an agent consisting of a 
particular anti-APRIL ligand antibody species, (see, 
discussion supra) . Similarly, the Examiner does not show 
how these disclosures teach every element of amended 
claim 42, drawn to a method comprising exposing a tumor 
cell that expresses an APRIL receptor to a particular 
anti-APRIL ligand antibody species. 

Applicant surmises that the Examiner has 
pointed to the '787 patent's disclosure of allegedly 
promoting angiogenesis through TNF-gamma antagonism as 
reading on at least some of the instant claims. This 
disclosure, however, does not teach any of the claimed 
methods, and, in fact, teaches away from them. 

Many research and development efforts at the 
time of filing of the instant application, as well as 
today, were focused on inhibiting angiogenesis as a means 
for controlling cancer, not promoting angiogenesis . 
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Angiogenesis is critical "for the growth of solid 
tumors. . .thus. . .antagonists of tumor-associated 
angiogenesis are needed urgently." See, Gastl et al., 
Angiogenesis as a Target for Tumor Treatment, Oncology, 
54:177-184, 182, 1997, attached hereto as Exhibit A. 
This is because solid tumors require nutrients and oxygen 
from the bloodstream for their survival. Tumors promote 
angiogenesis to accomplish this. Id. at 177. To treat 
or restrict a tumor growth, one of skill in the art would 
know that tumor vascularization would need to be 
inhibited, which could be achieved by inhibiting 
angiogenesis. Thus, a person of skill in the art would 
not read the disclosure relied on by the examiner and 
believe that the '787 patent teaches any of the claimed 
methods of treating, suppressing or altering the 
progression of a cancer, or the claimed methods of 
suppressing the growth of a tumor cell. 

For at least the reasons stated, applicant 
respectfully requests withdrawal of the rejections of 
claims 39-42 under 35 U.S. C. § 112. Applicant's 
cancellation of claims 36 and 43-45 renders the 
Examiner's rejections of those claims moot. 

3 5 U.S. C. § 112, second paragraph 
Claims 46, 4 8 and 4 9 stand rejected under 3 5 
U.S.C. § 112, second paragraph, for allegedly failing to 
particularly point out and distinctly claim the subject 
matter that applicant regards as the invention. 
Specifically, the Examiner states that claims 46, 48 and 
4 9 recite a "polypeptide encoded by SEQ ID NO : 2 , " but 
that SEQ ID NO: 2 is a polypeptide and not a 
polynucleotide. 

Applicant has amended claims 46 and 48 to 
recite a "polypeptide encoded by SEQ ID NO : 1 . " The 
amendment overcomes the Examiner's rejection of claims 46 
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and 48. The amendment of claim 46 also cures the 
rejection of claim 49, which depends therefrom. 
Accordingly, applicant requests that the rejection of 46, 
4 8 and 4 9 be withdrawn. 

CONCLUSION 

For the foregoing reasons, applicant believes 
the claims are in condition for allowance. Applicant 
requests that the Examiner consider the above remarks , 
enter the amendments, withdraw the remaining rejections, 
and allow the pending claims to pass to grant. 



Respectfully submitted. 
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Appendix of Amendments 

39. (Twice Amended) [The method of Claim 36, 
wherein said antibody is administered to said patient] A 
method of treating, suppressing or altering the 
progression of a cancer, comprising administering to a 
patient an effective amount of an antibody directed to an 
APRIL ligand polypeptide capable of interfering with an 
interaction between said APRIL ligand polypeptide and an 
APRIL receptor, in combination with a chemotherapeutic 
agent . 

40. (Twice Amended) [The method of claim 36, 
wherein said antibody is administered to said patient] A 
method of treating, suppressing or altering the 
progression of a cancer, comprising administering to a 
patient an effective amount of an antibody directed to an 
APRIL ligand polypeptide capable of interfering with an 
interaction between said APRIL ligand polypeptide and an 
APRIL receptor, in combination with a radiation therapy. 

41. (Twice Amended) A method of suppressing 
growth of a tumor cell that expresses an APRIL ligand 
polypeptide, comprising the step of exposing said cell to 
an effective amount of an agent selected from the group 
consisting of: 

a[.]J_ an antibody that binds specifically 

to said APRIL ligand polypeptide comprising at least 
about 102 amino acids or a soluble ligand polypeptide 
thereof ; 

b[.]|^ an antibody that binds specifically 

to said APRIL ligand polypeptide comprising an amino acid 
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sequence found in amino acids 1-55 of SEQ ID NO : 2 , or a 
fragment thereof; and 

c[.]J_ an antibody that binds specifically 

to said APRIL ligand polypeptide comprising an amino acid 
sequence found in amino acids 157-250 of SEQ ID NO: 2, a 
fragment thereof, or a soluble ligand polypeptide 
thereof^ [ ; 

d. an antibody that binds specifically to SEQ 
ID NO: 2 or a soluble ligand polypeptide thereof; and 

e. an antibody that binds specifically to 
said APRIL ligand polypeptide and blocks an interaction 
between said APRIL ligand polypeptide and an APRIL 
receptor polypeptide.] 

42. (Twice Amended) A method of suppressing 
growth of a tumor cell that expresses an APRIL receptor 
polypeptide, comprising the step of exposing said cell to 
an effective amount of an agent selected from the group 
consisting of: 

a[.]j_ an antibody that binds specifically 

to an APRIL ligand polypeptide comprising at least about 
102 amino acids or a soluble ligand polypeptide thereof; 

b[.]J_ an antibody that binds specifically 

to an APRIL ligand polypeptide comprising an amino acid 
sequence found in amino acids 1-55 of SEQ ID NO : 2 , or a 
fragment thereof ; and 

c [ . ] J_ an antibody that binds specifically 

to an APRIL ligand polypeptide comprising an amino acid 
sequence found in amino acids 157-250 of SEQ ID NO: 2, a 
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fragment thereof, or a soluble ligand polypeptide 
thereof _^ [ ; 

d, an antibody that binds specifically to SEQ 
ID NO: 2 or a soluble ligand polypeptide thereof; and 

e. an antibody that binds specifically to an 
APRIL ligand polypeptide . and blocks an interaction 
between said APRIL ligand polypeptide and said APRIL 
receptor polypeptide.] 

46. (Amended) A method for identifying an agent 
capable of suppressing the growth of a cell culture, 
comprising the steps of: 

a) identifying a cell that proliferates 
in response to the binding of a polypeptide encoded by 
SEQ ID [NO: 2] NO : 1 to its cell surface receptor; 

b) growing said cell in said cell 

culture ; 

c) exposing said cell culture comprising 
said cell to a compound resulting in an exposed cell 
culture ; 

d) concurrently or subsequently exposing 
said exposed cell culture to [a] said polypeptide encoded 
by SEQ ID [NO: 2] NO : 1 , or a fragment thereof; 

e) comparing the proliferation of said 
cell within said exposed cell culture to the 
proliferation of a substantially identical cell in a 
second cell culture that was not exposed to said 
compound; and 
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f) determining whether said compound has 
suppressed the growth of said cell in said exposed cell 
culture . 



48. (Amended) The method of claim 46, 
wherein said compound is an antibody directed to the 
polypeptide encoded by SEQ ID [NO: 2] NO: 1 , or a fragment 
thereof . 
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Keywords Abstract 

Angiogenesis Angiogenesis is a key step in tunior gfowth, invasion and metastasis. Thus, 

Ncovasciilari/.nlion antiangiogenie therapy was postulated to be an attractive approach for antitu- 

Angiogenic inhibitor nior treatment. Based on today's knowledge, at least three strategies for inhibi- 

tion of angiogenesis are feasible: (I) inhibition of release of angiogenic factors 
from tumor cells and/or neutralization of angiogenic molecules that have 
already been released; (2) inhibition of vascular endothelial cell proliferation 
and migration, and (3) inhibition of the synthesis and turnover of vessel base- 
ment membrane. To date, a number of antiangiogenie agents have been iden- 
tined. In animal models, treatment with angiogenesis inhibitors has proven 
antitumor effects. Early clinical experience with angiogenic inhibitors indi- 
cates that optimal antiangiogenie therapy in the future is likely to be based on 
the long-term administration to cancer patients in adjunct to surger>\ radio- 
therapy and conventional chemotherapy. 



Inhibition of angiogenesis was first postulated as an 
anticancer strategy by Judah Folkman [1] in 1971. Since 
then the discovery of angiogenic factors, their recep- 
tors and multiple negative regulators of angiogenesis has 
revolutionized our understanding of neovascularization. 
Thus, the pivotal role of angiogenesis in the behavior of 
human tumors is becoming well established. This review 
summarizes the recent progress that has been made in the 
tlevelopment of antiangiogenie therapy in oncology. 



The Role of Angiogenesis in Neoplastic Disease 

The progressive growth of solid tumors is strictly 
dependent on their ability to stimulate formation of new 
blood vessels that will supply tumor cells with oxygen and 
essential nutrients. Under normal physiological condi- 
tions, the formation of new blood vessels is tightly re- 
pressed. The molecular mechanisms by which a solid 
tumor induces its own blood supply are increasingly bet- 
ter understood [2-4], One consequence of the cascade of 
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Table 1. Endogenous mediators regulating angiogcncsis [reviewed in 7] 



Angiogenic stimulators 



Angiogenic inhibitors 



Fibroblast growth factors 
Vascular endothelial growth factor 
Angiogcnin 

Transforming growth facto r-a 

Tumor necrosis factor-u 

Plaielei-dcrivcd endothelial cell growth factor 

Transforming growth factor-p' 

Placental growth factor 

Inierleukin-8 

Hepatocyie growth factor 

Platelet-derived growth factor 

Granulocyte colony-stimulating factor 

Prolifcrin 

Prostaglandins (PGE,, PGE:) 



Angiostatin 
Interferons 
Platelet factor 4 
Thrombospondin 
Prolactin 

bFGF soluble receptor 

Tra n s form i ng growl h fact or- (i ' 

Tissue inhibitors of metal loproieinases (TIMPs) 

Placental proliferin-rclatcd peptide 

Glioma-de rived angiogcncsis inhibitory factor 



' Although rGF-|i has been shown to inhibit growth of most endothelial cells in vitro, it isclcarly angiogenic in vivo, 
possibly directly by increasing thrombospondin, an extracellular matrix-associated anliangiogenic protein, or directly 
via chemoattraction and activation of other cells. 



oncogene activation and tumor suppressor gene loss that 
produces a solid tumor is the alleviation of this normal 
suppression [5]. Most tumors in humans persist for 
months to years without neovascularization until a subset 
of tumors cells acquires an angiogenic phcnotype. The 
switch to the angiogenic phcnotype involves a change in 
the local equilibrium between positive and negative regu- 
lators of angiogcncsis [6] (table 1). Tumor cells may over- 
express angiogenic factors, may mobilize angiogenic pro- 
teins from the extracellular matrix, may recruit host cells 
such as macrophages which then produce their own an- 
giogenic molecules, or may engage in a combination of 
these processes [7]. 

Up-regulation of angiogenic factors, however, is not 
sufficient in itself for a tumor ceil to become angiogenic. 
Certain negative regulators of angiogcncsis may need to 
be down-regulated [6-9]. Such endogenous inhibitors nor- 
mally defend the vascular epithelium from niitogenic 
stimuli. The formation of new blood vessels is not only a 
prerequisite for local tumor growth and expansion but 
also significantly influences the metastatic spread of ma- 
lignant cells. It has been shown that greater numbers of 
blood vessels at the tumor site increase the opportunity 
for malignant cells to enter the circulation [10]. Moreover, 
newly formed capillaries have fragmented basement 
membranes and are leaky, making them more penetrable 
by tumor cells than mature vessels. Several clinical studies 
have shown that the degree of tumor angiogcncsis is relat- 



ed to clinical outcome, suggesting that angiogenic proper- 
tics correlate with tumor aggressiveness and metastatic 
potential [reviewed in 11]. 



Rationale and Approaches for Antiangiogenic 
Tumor Therapy 

The principal target for antiangiogenic therapy is rep- 
resented by proliferating endothelial cells. In normal tis- 
sues endothelial cells are quiescent, whereas in tumors 
they are activated and proliferating. Based on the current 
knowledge of tumor neovascularization the following an- 
tiangiogenic strategies are currently under investigation: 

(1) neutralization of angiogenic peptides and/or stimula- 
tion or administration of natural angiogcncsis inhibitors; 

(2) inhibition of endothelial cell proliferation, migration 
and formation of new blood vessels, and (3) inhibition of 
the synthesis and turnover of vessel basement membrane 
(fig. 1, table 2). 

In this respect it is important to distinguish between 
antiangiogenesis and vascular targeting. The former inter- 
feres with a wide range of biological processes involved in 
growth, migration and differentiation of blood vessels. 
The latter provides rapid destruction and cell death of the 
vessels, infarcting large areas of the tumor. For clinical 
application, vascular targeting will require the identifica- 
tion of target molecules that are present at sufficient den- 
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Table 2. Classification ofangiogenic inhibitors 
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Agent 



Reference 



Inhibitors and endogenous antagonists of angiogenic growth 
factors 

Antibodies to bFGF 
Antibodies to VEGF 
Angiogcnin antagonist 
Suramin and analogs 



Sulfonic derivatives of distamycin A 
Recombinant platelet factor 4 
Angiostatin 
Retinoids 

Vitamin D and analogs 



Hori et aL[12] 
Kim ct al.[13] 
Olson eial. [14] 
Braddock ctal.[15] 
Takano ct al. [16] 
Myers et al. [17] 
Tanakaet al.[18] 
Maioneet al. [19] 
O^Reilly et al. [20] 
Majcwski etal.[2i] 
Oikawa et aL [22] 
Shokravi ct al. [23] 



Inhibitors of endothelial cell growth and/or migration 
AGM-1470 

(angioinhibin orTNP-470) 
Quinoline-3-carbo.\amide(linomide) 
Tamoxifen 
Z)-Penicillamine 
Genistcin 
Thalidomide 
Interferons 
lnterleiikiivl2 



Anioiiioet al. [24] 
Ingbcrelal.[25] 
Vukanovic ct al. [26] 
Gagiiardi and Collins [ 
MatSLibara ct al. [28] 
Foisisctal.[29] 
D'Amaloct al. [30] 
Sidkyand Borden [31] 
Vocsi ct a!. [32] 



57] 



. i ngiogenic iidiibifors targeting the basement membrane and 
extracellular matrix 



Antibody ant i-(xvp 3 

Metal loprolcinasc inhibitors 

(e.g. baiimastai) 
Minocycline 
PAI-1 ' 

Aurintricaboxvlic acid 



Brooks ctal. [33] 
DavicsetaL[34] 

Tamargoet al. [35] 
Mueller ctal. [36] 
Gagiiardi and Collins [37] 



P-m'ntial new a ntia ngiogenic therapeutics 
Nitric oxide synthase inhibitor Zichc ct al. [38] 

Thrombospondin antagonist Wcinstat-Saslow ct al. [39] 

fps/fcs inhibitor Grccr ct al. [40] 



sity on the surface of vascular endothelial cells in solid 
tumors but absent from endothelial cells in normal tis- 
sues. Such target molecules could be used to develop anti- 
bodies to target cytotoxic agents to the vascular endothe- 
lial cells of the tumor rather than to the tumor cells them- 
selves. Some promising candidate target molecules have 
already been identified in humans, including endoglin 
[41], endosialin [42], a fibronectin isoform [43], the vas- 
cular endothelial growth factor (VEGF) receptors KDF 




angiogenic 

Cl) 




EC ECM macrophage 



Fig. 1. Current strategics of antiangiogcnic therapy include 
(I ) blockage ofangiogenic factors (arrows). (2) inhibition of endothe- 
lial cell (EC) growth and migration, and ( 3) suppression of the synthe- 
sis and degradation of vessel basement membrane and extracellular 
matrix. 



and nt-1 [44] and VEGF itself [45]. Vascular targeting has 
been recently reviewed (46, 47]. This review focuses on 
antiangiogcnic therapy. 



Inhibitors of Angiogenic Peptides 

Angiogenic peptides can be blocked by neutralizing 
antibodies, soluble receptor molecules or various syn- 
thetic compounds (table 2). Of the factors that stim- 
ulate angiogenesis, the heparin-binding growth factors 
(HBGFs) are the best characterized and include basic 
fibroblast growth factor (bFGF) and VEGF. Monoclonal 
antibodies or antagonistic molecules neutralizing bFGF 
[12], VEGF [13] or angiogcnin [14] showed significant 
antitumor activity in animal models. A number of highly 
sulfated compounds that bind HBGFs such as suramin 
and its analogs [14-16] and sulfonic derivatives of dista- 
mycin A [ 1 8] are currently in early clinical trials. Suramin 
is a polysulfonated naphthylurea originally developed as 
treatment of African trypanosomiasis. In laborator\^ ex- 
periments, suramin was able to prevent receptor binding 
of a number of growth factors including the angiogen- 
ic peptides bFGF and platelet-derived growth factor 
(PDGF). The drug has been tested in hormone-refractory 
prostate cancer [17] and objective responses have been ' 
reported. Takano et al. [16] recently demonstrated that 
suramin is able to inhibit multiple control points of angio- 
genesis: binding of bFGF to its endothelial receptor, 
endothelial cell migration and proliferation and the activ- 
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ity of urokinase-type plasminogen activator. However, 
with the doses required to achieve antitumor activity in 
humans, severe systemic toxicity was observed. To over- 
come this problem, structurally related polyanions are 
presently under preclinical evaluation at the Imperial 
Cancer Research Laboratories of the University of Ox- 
ford [15]. Angiostatic steroids such as I la-hydrocortisone 
and 17a-hydroxyprogesterone lack gluco- and mineralo- 
corticoid activity and may potentiate the activity of anti- 
HBGF agents through mechanisms unrelated to inhibi- 
tion of inilammation-induced angiogenesis [48]. So far, 
these steroids have not been tested in humans but conven- 
tional glucocorticoids cause regression of hemangiomas if 
injected directly into the lesion or if given at high doses 
systemically [7]. 

Platelet factor 4 (PF4) is a 7,800-kD platelet a-granule 
protein. PF4 has been reported to inhibit angiogenesis 
and growth factor-stimulated endothelial cell prolifera- 
tion [19]. In vitro, human recombinant PF4 seems to 
inhibit the mitogcnic activity of VEGF on endothelial 
cells by various mechanisms [49]. Intralcsional adminis- 
tration of PF4 resulted in regression of injected lesions in 
patients with Kaposi's sarcoma [50]. Angiostatin, a 38-kD 
fragment of plasminogen is a specific inhibitor of endo- 
thelial growth and a potent angiogenesis inhibitor, which, 
when administered systemically to mice, can hold metas- 
tases in a dormant state [9]. Angiostatin also suppresses 
the growth of primai7 tumors more potently than other 
angiogenic inhibitors. In SCID mice treated with angio- 
statin. human tumor xenografts can be held dormant at a 
microscopic size [20]. 

Differentiation-inducing agents such as retinoids and 
vitamin D analogs inhibited tumor cell-induced angiogen- 
esis in vitro and in vivo [21-23]. Simultaneous adminis- 
tration of retinoids and I.25-dihydroxyvitamin D;, led to 
a synergistic inhibition of tumor-associated angiogenesis 
in mice [51]. Very recently, these compounds have been 
shown to induce [52, 53] and act in concert with natural 
angiogenic inhibitors such as interferons [54, 55]. 

Inhibitors of Endothelial Cell Growth and 
Migration 

Several drugs have been developed that specifically 
inhibit endothelial cell proliferation and/or migration (ta- 
ble 2). Fumagillin is a naturally secreted antibiotic from 
the fungus Aspergillus fumigatus, Fumagillin has been 
shown to have antiproliferative effects against endothelial 
cells in culture and to inhibit angiogenesis in the chick 



embryo-chorionallantoic membrane assay [24] but is 
toxic to animals. TNP-470, a synthetic analogue of fu- 
magillin, was found to be less toxic and a more potent 
inhibitor of angiogenesis [25]. TNP-470 is a potent inhibi- 
tor of endothelial cell proliferation and migration, sup- 
presses capillary tube formation, and has antiproliferative 
activity against human glioblastoma cells in vivo [56]. In 
xcnotransplanted human colorectal cancer, a significant 
antimetastatic effect was demonstrated on the hepatic 
metastases of both orthotopical and subcutaneous tumors 
[57]. 

Phase 1 studies with this drug have been approved by 
the Food and Drug Administration and are currently in 
progress. Preliminary pharmacokinetic data suggested a 
rapid clearance of TNP-470 from the blood with a plasma 
half-life of only 5-10 min. As with most anliangiogenic 
agents, more prolonged exposure to inhibitory drug con- 
centration may be required for maximal efficacy. Other 
synthetic compounds such as quinoline-3-carboxamide 
[26], tamoxifen [27], D-penicillaminc [28], genislein [29] 
or thalidomide [30] have also shown biological activity in 
angiogenesis assays. Interferons have been reported to 
inhibit the growth of endothelial cells in vitro to block 
lymphocyte-induced angiogenesis in vivo [3 1] and to sup- 
press the production of bFGF in human tumor cells [58]. 
Therapy with intcrl*eron-u was found to effectively induce 
regression of life-threatening hemangiomas in infants, 
which often overexpress bFGF [59]. One of the newest 
members of anliangiogenic compounds is interleukin-12. 
Interleukin-I2 inhibited almost completely corneal neo- 
vascularization in mice. This potent suppression of angio- 
genesis was dependent on the induction of IFN-y [32]. 

Inhibitors of Extracellular Matrix Formation and 
Turnover 

One of the most profound influences of the angiogenic 
process is the endothelial cell interaction with the vascular 
basement membrane and the extracellular matrix. The 
composition of the extracellular matrix contributes to the 
morphology, proliferation and differentiation of endothe- 
lial cells [60]. Thus, another target of antiangiogenic treat- 
ment is the vessel basement membrane. The inhibition of 
its synthesis and turnover can effectively block the forma- 
tion of neovessels. Several drugs act at this level (table 2). 
Extracellular matrix contains some proteins, such as 1am- 
inins and integrins, that are required for neovasculariza- 
tion. Recently, Brooks et al. [33] have shown that the vas- 
cular integrin avp3 plays a crucial role in angiogenesis. 



!80 



Oncology 1997;54:177-184 



Gastl/Hcrmann/Steurer/Zmija/Gunsilius/ 
Unger/Kraft 




These authors demonstrated that it is possible to induce 
apoptosis of proliferative angiogenic blood vessels by a 
specific antibody to the a.-P^ integrin. 

Neovascularization also depends on the degradation of 
vessel basement membrane and local degradation of ex- 
tracellular matrix proteins. Matrix metalloproteinases 
(MMPs) (subclassified as collagenases), stromelysins or 
gelatinases can degrade basement membrane glycopro- 
teins and all of the components of extracellular matrix 
[61]- These enzymes, which are closely associated with 
angiogenesis, are up-regulated in proliferating endothelial 
cells. MMPs exist in latent proenzyme and active enzyme 
forms and require zinc for their activity. Batimastat (BB- 
94) is a low molecular peptide mimetic that reversibly 
binds to zinc in the active site of MMPs [34]. In animal 
models, batimastat inhibited tumor growth, invasion and 
metastasis in wcll-tolcrated doses. Clinical trials with this 
drug are in progress. Minocycline and other tetracycline 
derivatives with aniicollagcnase activity have also been 
shown to be potent inhibitors of angiogencsis [35]. Other 
prtDlease inhibitors with antiangiogcnic activity such as 
plasminogen activator 2 (PAl-2) [36] and aurintricarbox- 
ylicacid [37] have been recently reporled. 

Other Potential Targets for Inhibition of 
Angiogenesis 

Based on recent experiments to understand the pro- 
and antiangiogcnic pathways, a series of potential new 
targets arc available for antiangiogcnic therapy. These tar- 
gets include procoagulant pathways [39], tyrosine kinases 
[40] involved in endothelial growth, and nitric oxide syn- 
thase [37] (table 2). 

Selection and Monitoring of Tumor Patients 
Undergoing Antiangiogenic Therapy 

Currently, assessment of vascular density in tumor tis- 
sue is a research tool but may become important in the 
future to select patients for antiangiogenesis therapy. 
However, the evaluation of microvessel density in prima- 
ry tumor specimens cannot be used for in vivo monitoring 
of therapeutic effects or give an overall assessment of 
angiogenesis in metastases. Thus, it will be necessary to 
develop methods to monitor antiangiogenic agents in 
patients. In vivo methods may be based on biochemical 
markers of angiogenesis such as the determination of 
angiogenic peptides in blood, urine or malignant effusions 




[62, 63], Monitoring may be further based on blood flow 
measurement in tumor lesions, e.g. by color Dopplcr so- 
nography [64] or uptake of radioisotopes [65], and by 
positron emission tomography scanning [66]. Radioiso- 
tope-labeled monoclonal antibodies specific for prolifer- 
ating endothelial cells or-tumor-blood-vessels [41-43] may 
be another useful method for scanning of primary and 
metastatic tumor lesions. 



Notes from in vivo Studies for Future 
Antiangiogenic Therapy 

From animal studies and clinical trials of antiangio- 
genic therapy, the following preliminar\' conclusions can 
be drawn and tested as hypotheses in future trials: 

(1) Antiangiogenic therapy is mainly directed at mi- 
grating and proliferating cells in capillaries at sites of 
neovascularization. Thus, specific inhibitors of angiogen- 
csis should be well tolerated in most tumor patients 
because under physiologic conditions angiogenesis is lim- 
ited to wound healing and reproduction. 

(2) Inhibitors of angiogenesis generally down-regulate 
neovascularization by inhibiting the proliferation and 
locomotion of endothelial cells rather than by killing the 
cells. In the design of clinical trials it may therefore be 
necessary to administer antiangiogcnic drugs for a pro- 
longed period of time, perhaps for several months to 
years. 

(3) Since inhibitors of angiogenesis act through diverse 
mechanisms of action, antiangiogenic agents may achieve 
maximum biologic activitv when administered together 
[67]. 

(4) To date, resistance to antiangiogenic compounds 
has not been a problem in long-term studies. 

(5) As antiangiogenic therapy may only halt tumor 
growth but not produce regressions, disease stabilization 
may be the maximum that can be achieved in trials of 
advanced cancer. Hence, ways to monitor inhibition of 
tumor growth, reduction in vascularity, decreased pro- 
duction of angiogenic factors or increased production of 
endogenous angiogenic inhibitors may be surrogate mark- 
er endpoints. 

(6) Potential strategics to enhance the activity of an- 
giogenic inhibitors are to use them in combination with 
cytotoxic drugs or radiotherapy [68, 69]. In animals with 
tumors, combinations of antiangiogenic and cytotoxic 
compounds can be curative, whereas the effect of either 
agent alone is merely inhibitory' [68]. The use of antian- 
giogenic drugs together wMth chemotherapy may further 
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be important to inhibit regrowth of lumors between 
courses of therapy. Radiotherapy is also potentiated by 
antiangiogenic therapy in tumor-bearing animals, partly 
because antiangiogenic therapy decreases hypoxia in the 
tumor [67]. 

(7) Angiogenic inhibitors could also be used after con- 
ventional tumor therapy, when patients enter a remission. 
They might then keep micrometastases in a dormant 
state. Such dormancy has already been tested in animals 
that have continued to have excellent health despite the 
presence of dormant micrometastases [9, 20]. 

(8) One frequent argument against antiangiogenesis as 
a potential means to treat solid tumors is that of the het- 
erogeneity of tumor vascularity. It is conceivable, how- 
ever, that even avascular tumor areas may still be amena- 
ble to antiangiogenic therapies. First, by blocking neovas- 
cularization growth of a small avascular tumor nodule is 
rather limited, metastasis becomes unlikely and such met- 
astatic foci as do develop may remain quiescent. Sec- 
ondly, additional targeting of an already-formed vascula- 
ture in the marginal zone of an otherwise hypovascular 
tumor lesion may indirectly cause necrosis of the central 
tumor area by reducing the diffusion of oxygen and essen- 
tial nutrients and limiting calabolitcs to exit. 



Conclusions 

Angiogcnesis is critical not only for the growth of solid 
tumors but also for cell shedding from the primary tumor 
and the metastatic spread to distant sites. Thus, the iden- 
tification, development and clinical testing of antagonists 
of tumor-associated angiogcnesis are needed urgently. 
This need is underscored by convincing evidence from 
recent reports that the degree of microvessel density in 
primai7 tumor lesions correlates with time to metastasis 
and survival in patients. Recently, a number of antian- 
giogenic agents have been developed as pharmaceuticals 
and are currently being tested in clinical studies. Early 
clinical trials have appropriately proceeded in a manner 
similar to that used for traditional cytotoxic agents to 
define dose-limiting toxicities and to determine a sched- 
ule of drug administration for further efficacy testing. 
However, unlike cytotoxic chemotherapy, antiangiogenic 
agents may need to be administered continuously at well- 
toleraicd dose levels that do not require interruption of 
drug administration. Clinical monitoring of biologic end- 
points may prove the key in the rational development of 
antiangiogenic compounds. With little theoretical risk of 
inducing second malignancies, these agents are particu- 
larly attractive for use as novel adjuvants to conventional 
treatment of primary malignancies for patients who are at 
high risk for local tumor recurrence and metastatic dis- 
ease. 
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